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(54) Widely wavelength tunable integrated semiconductor device and method for widely 
wavelenght tuning semiconductor devices 



(57) Alternative laser structures, which have poten- 
tially the same tuning performance as (S)SG-OBR and 
GCSR lasers, and a fabrication process which is similar 



to that of the (S)SG-DBR laser, are presented. The ad- 
vantage of these structures is that the output power 
does not pass through a long passive region. 
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Description 

F ield of the Invention 

[0001] The invention relates to multi-section integrat- 
ed semiconducting devices or lasers, comprising reso- 
nator sections, being either distributed reflection or 
transmission sections. The invention also relates to 
methods for widely wavelength tuning semiconductor 
devices or lasers. 

Background of the Invention 

[0002] Tuning of a conventional Distributed Bragg Re- 
flector (DBR) semiconductor laser is limited by the fact 
thai the relative tuning range is restricted to the relative 
change in the refractive index of the tuning region. This 
means that the tuning range, under normal operating 
conditions, cannot exceed 10 nm. This is substantially 
less than the potential bandwidth, restricted by the width 
of the gain curve, which is about 1 00 nm. Such conven- 
tional DBR lasers can functionally be characterized as 
comprising a first part being a two-sided active section, 
for creating radiation, for instance a light beam, by spon- 
taneous emission over a bandwidth around one center 
frequency. Said first part also guides said radiation or 
light beam. Such conventional DBR lasers further have 
two reflectors. Said reflectors are bounding said two-sid- 
ed active section, thus one at each side. 
[0003] Over the past years several advanced laser 
structures have been proposed with an extended tuning 
range. Examples are the Y-laser [M. Kuznetsov, P. Ver- 
langieri, A.G. Dentai. C.H. Joyner, and C.A. Burrus, "De- 
sign of widely tunable semiconductor three-branch la- 
sers," J. Lightwave Technol.. vol. 12, no. 12, pp. 
2100-2106, 1994], the co-directionalry coupled twin- 
guide laser [M.-C. Amann, and S. IHek, "Tunable laser 
diodes utilizing transverse tuning scheme," J. Lightwave 
Technol., vol. 11 , no. 7, pp. 1168-1182, 1993], the Sam- 
pled Grating (SG) DBR laser [V. Jayaraman, Z.M. 
Chuang, and L.A. Coldren, "Theory, design and per- 
formance of extended tuning range semiconductor la- 
sers with sampled gratings," IEEE J. Quantum Elec- 
tron., vol. 29. no. 6, pp. 1824-1834, 1993], the Super 
Structure Grating (SSG) DBR laser [H. Ishii, H. Tanobe, 
F. Kano, Y. Tohmori, Y. Kondo, and Y. Yoshikuni. "Qua- 
sicontinuous wavelength tuning in super- structure- grat- 
ing (SSG) DBR lasers," IEEE J. Quantum Electron., vol. 
32, no. 3, pp. 433-440, 1996] and the Grating assisted 
Coupler with rear Sampled Reflector (GCSR) laser [M. 
Oberg, S. Nilsson, K. Streubel. L. Backbom, and T. Klin- 
ga, "74 nm wavelength tuning range of an InGaAsP/InP 
vertical grating assisted codirectional coupler laser with 
rear sampled grating reflector," IEEE Photon. Technol. 
Lett., vol. 5, no. 7, pp. 735-738, 1993]. In the first two 
types of devices, a trade-off had to be made between 
the tuning range and the spectral purity (broad tuning 
range vs. high Side Mode Suppression Ratio (SMSR)). 



Therefore recently most research attention has gone to 
the (S)SG-DBR and GCSR lasers. 
[0004] A sampled grating DBR laser, comprises of two 
sampled gratings exhibiting a comb-shaped reflectance 
5 spectrum, with slightly different peak spacing due to the 
different sampling periods. As an alternative, other grat- 
ing shapes can be used: these are normally referred to 
as "super structure gratings" (SSG). Lasers of this type 
have been fabricated with tuning ranges up to about 1 00 
io nm. The operation of the device is such that through cur- 
rent injection in the two DBR sections, a peak of the front 
and rear reflectance comb are aligned at the desired 
wavelength. The phase section is used to align a longi- 
tudinal cavity mode with the peaks of the two reflectors. 
is The disadvantage of the (S)SG-DBR approach is that 
light coupled out of the laser has to pass a long passive 
or inactive section, leading to loss. Also, the losses in 
the two reflector sections increase with the amount of 
current injected into those sections, leading to a tuning 
20 current dependent output power. 

[0005] The SG-DBR laser and the SSG-DBR laser 
are functionally characterized as comprising a two-sid- 
ed active region for light creation and two reflectors one 
at each side of the active region, said reflectors having 
25 a reflection characteristic with a plurality of reflection 
peaks. Said characteristic has spaced reflection maxi- 
ma points providing a maximum reflection of an associ- 
ated wavelength. Such a characteristic can be obtained 
via sampled gratings, which exhibit a comb-shaped re- 
do flection spectrum or via the so-called supergratings. 
Said gratings or supergratings can also be character- 
ized as distributed reflectors. 

[0006] Sampled gratings can be described as struc- 
tures in a waveguide system, having a periodically bro- 

35 ken short-period structure including short period 
stripped regions alternating with non-stripped regions. 
The supergratings can be described as structures in a 
waveguide system having a diff ractive grating having a 
plurality of repeating unit regions, each having a con- 

40 stant length, thus forming a modulation period, and at 
least one parameter that determines the optical reflec- 
tivity of said diff ractive grating varying depending on its 
position in each of said repeating unit regions along a 
direction of optical transmission in said laser, said dif- 

45 tractive grating extending by at least two modulation pe- 
riods. Reference is made to US patent US5.325,392 re- 
lated to distributed reflector and wavelength tunable 
semiconductor lasers, hereby incorporated by refer- 
ence. 

so [0007] The SG-DBR laser and the SSG-DBR laser 
are exploiting constructive interference of the periodic 
characteristics of reflectors, located at different sides of 
the active section, with different periodicity, to obtain a 
wide tunability. The alignment of the reflector peaks can 

55 be descrbed by stating that the spacing of said reflective 
maxima points of the reflectors are different or are es- 
sentially not equal and only one said reflective maxima 
of each of said reflectors is in correspondence with a 
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wavelength of said created lightbeam. Reference is 
made to patent US-A-4,896,325, related to multi-section 
tunable lasers with differing multi-element mirrors, here- 
by incorporated by reference. 

[0008] As the construction of said reflectors leads to 5 
long inactive sections, this results in lasing output power 
losses. 

[0009] Other lasers, which use a co-directional cou- 
pler, readily have a very wide tuning range, but there is 
insufficient suppression of neighbouring longitudinal io 
modes. The combination of a widely tuneable but poorty 
selective co-directional coupler with a single (S)SG re- 
flector will give both wide tuning and a good side mode 
suppression. Furthermore, the optical output signal 
does not pass through a passive region. Again tuning of « 
100 nm has been achieved. Unfortunately, such a struc- 
ture is rather complicated to manufacture, requiring at 
least 5 growth steps. Reference is made to patent US- 
A-5,621 ,828 related to integrated tunable filters, hereby 
incorporated by reference. 20 

Aim of the Invention 

[001 0] The aim of the present invention is to disclose 
laser structures which are easy to manufacture and 25 
which are widely tuneable and have low lasing output 
power losses. 

Summary of the Invention 

30 

[001 1] In the present invention alternative laser struc- 
tures, apparatus or devices, which have potentially the 
same tuning performance as (S)SG-DBR and GCSR la- 
sers and which output power does not pass through a 
long passive region, are presented. 
[0012] An integrateoVsemiconductor tunable laser 
comprising a substrate made of a semiconducting ma- 
terial, a two-sided active section on said substrate, and 
a plurality of sections on said substrate, is disclosed. 
Said laser can be denoted as a multi-section integrated 
semiconductor laser. Said active section is radiation 
generating, for instance, but not limited to the range of 
optical radiation. All said sections are connected to one 
side of said active section. Note that this does not mean 
that they are directly coupled to said active section. In 
case of optical radiation said connection can be denoted 
as an optical connection. At least two of said sections 
include a waveguide system. Each of said sections de- 
fines a resonator. Said resonator can be either a trans- 
mission fitter or a reflector. 

[0013] The resonators used in the present invention 
have resonation characteristics with a plurality of reso- 
nation peaks. Alternatively it can be said that said res- 
onators have spaced resonation maxima points provid- 
ing a maximum resonance of an associated wavelength. 
The transmission filters used in the present invention 
have a transmission characteristic with a plurality of 
transmission peaks. Alternatively it can be said that said 



transmission filters have spaced transmission maxima 
points providing a maximum transmission of an associ- 
ated wavelength. The reflectors used in the present in- 
vention have a reflection characteristic with a plurality 
of reflection peaks. Alternatively it can be said that said 
reflectors have spaced reflective maxima points provid- 
ing a maximum reflection of an associated wavelength. 
[0014] The spacing of said resonator maxima points 
corresponding to the transmission or reflective maxima 
points of at least two of said sections are selected to be 
essentially not equal or different. Said laser is therefore 
denoted as an integrated semiconductor laser with dif- 
ferent reflection or transmission sections. The transmis- 
sion and reflection characteristic of said transmission fil- 
ters and reflectors are positioned relative to each other 
such that at least one said transmission or reflective 
maxima of each of said two sections being overlapping 
each other. This means that said sections have at least 
one transmission or reflective maxima for a same first 
frequency. Due to the different spacings of said trans- 
mission or reflective maxima points a small shift of one 
of said transmission or reflective characteristics can re- 
sult in overlapping of at least one other transmission or 
reflective maxima of each of said two sections. Said sec- 
tions have then at least one second frequency in com- 
mon, which can be largefy different from said first fre- 
quency. Said shift can be due to current injections in said 
transmission or reflective sections. It can be said that 
said laser comprises means for injecting current into 
some of said plurality of sections, resulting in said trans- 
mission or reflection characteristic being shifted in 
wavelength. Said overlapping maxima points define a 
plurality of lasing wavelengths. Due to the small shifting 
of at least one resonator characteristic, said device 
jumps from a first set of lasing wavelengths to another 
set of lasing wavelengths. 

[0015] It can be said that said active section creates 
a radiation or a lightbeam by emission and that the de- 
vice emits an emitted laser beam with the wavelength 
of said emitted lightbeam being in correspondence with 
said overlapping maxima of said transmission filters or 
reflectors. Said active section is thus creating radiation 
or a light beam by spontaneous emission over a band- 
width around a center frequency and guides said radia- 
tion or light beam and has (optical) amplification actions. 
Said emitted radiation or lightbeam does not pass 
through said plurality of sections. The combination of 
said plurality of sections, having a combinated reflection 
action, and said (optical) amplification action of said ac- 
tive section causes lasing at said set of lasing wave- 
lengths. Due to the fact that small shifting of resonator 
characteristics results in large difference in the set of 
lasing wavelenghts, an optical laser having a wide tun- 
ability, is obtained. Said laser is therefore denoted wide- 
ly wavelength tunable integrated semiconductor laser. 
[0016] In an embodiment of the invention only one of 
said resonator maxima points is overlapping. It can then 
be said that said active section creates a radiation or a 
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lightbeam by emission and the device emits an emitted 
laser beam with the wavelength of said emitted light- 
beam being in correspondence with said overlapping 
maxima of said transmission filters or reflectors. The 
combination of said plurality of sections, having a com- 5 
binated reflection action with a single reflection wave- 
length, and said (optical) amplification action of said ac- 
tive section causes lasing at said single reflection wave- 
length, defined by said overlapping resonator maxima 
points. 10 
[0017] In an embodiment of the invention at least one 
of said plurality of sections is inactive. This means that 
such inactive section is not creating a lightbeam by 
emission. 

[0018] In an embodiment of the invention at least one '5 
of said plurality of sections is active. This means that 
such active section also creates a lightbeam by emis- 
sion. 

[0019] In an embodiment of the invention at least one 
of said waveguide systems has a periodically broken 20 
short-period structure including short period stripped re- 
gions alternating with non-stripped regions. Such 
waveguide systems are also denoted distributed, hence 
said laser is denoted a semiconductor laser with distrib- 
uted reflection or transmission sections. In the invention 25 
two such waveguides can be found on the same side of 
the active region. 

[0020] In an embodiment of the invention at least one 
of said waveguide systems has a diffractive grating hav- 
ing a plurality of repeating unit regions each having a 
constant length, thus forming a modulation period, and 
at least one parameter that determines the optical re- 
flectivity or transmission of said diffractive grating vary- 
ing depending on its position in each of said repeating 
unit regions along a direction of optical transmission in 35 
said laser, said diffractive grating extending by at least 
two modulation periods. 

[0021] In an embodiment of the invention at least one 
of said waveguide systems is a ring resonator 
[0022] In an embodiment of the invention the laser 
comprises further of a plurality of power splitters, being 
exploited for optically connecting part of said plurality of 
sections and connecting part of said plurality of sections 
with said active section. 

[0023] In an embodiment of the invention said laser is 
a serial concatenation of said active section and a plu- 
rality of said sections. 

[0024] In an embodiment of the invention said laser is 
a connection of said active section to one single port 
side of a power splitter and a parallel connection of a 
plurality of sections to the other multi port side of said 
power splitter. 

[0025] In an embodiment of the invention said laser 
comprises phase sections, being exploiting for adjusting 
the round trip cavity phase and thus a lasing mode 
wavelength of the laser. 



Brief description of the Invention 

[0026] Fig. 1 is a longitudinal cross-section of an SG- 
DBR laser As opposed to a conventional DBR laser, the 
reflectors are formed by two periodically modulated 
(sampled) gratings with different sampting periods. 
[0027] Fig. 2 is a schematic diagram of a GCSR laser 
structure. 

[0028] Fig. 3 is a top view (schematic) of the proposed 
"Y-SSG" laser. 

[0029] Fig. 4 is a schematic view of a ring resonator 
(S)SG laser. 

[0030] Fig. 5 is a transmission characteristic of a ring 
resonator. 

[0031] Fig. 6 is a principle scheme of the laser accord- 
ing to the inevntion, comprising an active element and 
a plurality of sections, being either transmission filters 
or reflectors. 

[0032] Fig. 7 is a principle scheme of prior-art lasers, 
comprising an active element and reflectors, said active 
element being bounded by said reflectors. 
[0033] Fig. 8 is a principle scheme of the second em- 
bodiment of the invention, comprising an active element 
and a plurality of sections, being parallel. 
[0034] Fig. 9 is a principle scheme of the fourth em- 
bodiment of the invention, comprising an active element 
and a serial concatenation of transmission filters ended 
by a reflector. 



[0035] In the further description several embodiments 
of the invention are presented. It must be clear that the 
scope of the invention is descrfred by the claims. 
[0036] The present invention discloses alternative la- 
ser structures, which ahe potentially the same tuning 
performance as (S)SG-DBR and GCSR lasers and 
which the output power does not pass through a long 
passive region. In said devices there are passive or in- 
active regions on one side of the active region only. 
[0037] A principle scheme of prior-art conventional 
Distributed Bragg Reflector (DBR) semiconductor laser 
is shown in Figure 7. A schematic description of such a 
laser is shown in Figure 1 , showing a front (500) reflec- 
tor, a rear reflector (510). an AR (anti-reflective coating), 
an active section (530) and a phase section (540). Tun- 
ing of said laser is limited by the fact that the relative 
tuning range (360) is restricted to the relative change in 
the refractive index of the tuning region. This means that 
the tuning range, under normal operating conditions, 
cannot exceed 1 0 nm. This is substantially less than the 
potential bandwidth, restricted by the width of the gain 
curve (350), which is about 100 nm. Such conventional 
DBR lasers can functionally be characterized as com- 
prising a first part being a two-sided active section (300), 
for creating a light beam (31 0) by spontaneous emission 
over a bandwidth around some center frequency (370), 
as observed in said lasers characteristic (340). Said first 
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part also guides said light beam. Such conventional 
DBR lasers further have two reflectors (330)(320). Said 
reflectors are bounding said two-sided active section 
(300), thus one at each side. 

[0038] A classical laser structure comprises (i) a two- 5 
sided active section/region, creating a light beam by 
spontaneous emission over a bandwidth around some 
center frequency and guiding said light beam, said ac- 
tive section performing optical amplification actions and 
(ii) two (inactive or passive) sections/regions, acting as 10 
reflectors. Said active section is bounded by said two 
reflectors. 

[0039] Besides (inactive or passive) reflecting sec- 
tions/regions, also sections with a transmission charac- 
teristic exist. 15 
[0040] The invention can be characterized as com- 
prising a two-sided active section/region (just as a clas- 
sical laser) and a plurality of sections/regions. Said plu- 
rality of sections/regions defines a network of sections/ 
regions. Said network of sections/regions is connected ?o 
to one side of the active region. Said network comprises 
at least two resonator regions/sections. Said resonator 
regions/section can be either reflectors and regions/ 
sections with a transmission characteristic. The princi- 
ple scheme of the laser according to the invention, com- 25 
prising an active element (30) and a plurality of sections 
(50) (90) (1 00) (1 1 0), being resonators, thus being either 
transmission niters or reflectors, is shown in Figure 6. 
[0041 ] The invention can be characterized as a device 
comprising (i) a substrate made of a semiconducting 30 
material, (ii) a two-sided active section on said sub- 
strate, said active section generating radiation by spon- 
taneous emission over a bandwidth around some center 
frequency and guiding said radiation, said active section 
having amplification actions, and (iii) a plurality of sec- 
tions on said substrate, all said sections being connect- 
ed to one side of said active section, at least two of said 
sections including a waveguide system, defining either 
a transmission filter or a reflector. The device can further 
be comprising a plurality of power splitters, being ex- 
ploited for interconnecting part of said inactive sections 
and connecting part of said sections with said active 
section. Said sections can be either active or inactive. 
[0042] When said device creates a light beam, said 
connection of said network with said active section is an 
optical connection. Said connections of said sections 
are then also optical. Said device can then be denoted 
as a tunable integrated/semiconductor optical laser. 
Said amplification is then denoted to be an optical am- 
plification. Said active section then also guides said light 
beam. 

[0043] In the invention particular reflectors and sec- 
tions with transmission characteristics are exploited. 
Said reflectors and sections with transmission charac- 
teristics are commonly denoted as resonators. Said re- 
flection and transmission sections are functionally char- 
acterized as having a reflection or transmission charac- 
teristic with a plurality of reflection or transmission 



peaks, commonly denoted as resonation peaks. Said 
reflection or transmission characteristic has spaced re- 
flection or transmission maxima points providing a max- 
imum reflection or transmission of an associated wave- 
length. The resonator characteristic thus has a plurality 
of spectral response peaks, preferably narrow spectral 
response peaks. Said resonator characteristic can be 
either regular, meaning that its resonation frequencies 
are all spaced apart by a same value, being the perio- 
dicity, or irregular, meaning that there is no fixed spacing 
between its resonation frequencies. Irregularity can be 
a random pattern of resonation frequencies or some 
structured pattern. 

[0044] Such a characteristic can be obtained via sam- 
pled gratings, which exhibit a comb-shaped reflection or 
transmission spectrum or via the so-called supergrat- 
ings. Said gratings or supergratings can also be char- 
acterized as distributed reflectors or transmission sec- 
tions. 

[0045] Sampled gratings can be described as struc- 
tures in a waveguide system, having a periodically bro- 
ken short-period structure including short period 
stripped regions alternating with non-stripped regions. 
The supergratings can be described as structures in a 
waveguide system having a diffractive grating having a 
plurality of repeating unit regions each having a constant 
length, thus forming a modulation period, and at least 
one parameter that determines the optical reflectivity or 
transmission of said diffractive grating varying depend- 
ing on its position in each of said repeating unit regions 
along a direction of optical transmission in said laser, 
said diffractive grating extending by at least two modu- 
lation periods. 

[0046] In the invention alternative sections with trans- 
mission characteristics based on ring resonators are ex- 
ploited. Such a ring resonator has a comb-shaped trans- 
mission characteristic (Figure 5). The operation of a ring 
resonator is similar to that of a classic Fabry-Perot res- 
onator, which can easily be understood if one thinks of 
the cross-coupling of the two couplers in the ring as be- 
ing the transmission mirrors in the FP-resonator. 
[0047] In the prior art constructive interference of the 
periodic characteristics of reflectors, located at different 
sides of the active section, with different periodicity is 
exploited to obtain a wide tunability. As the construction 
of said reflectors leads to long inactive sections, this re- 
sults in lasing output power losses. 
[0048] In the invention constructive interference of the 
periodic characteristics of sections, being either reflec- 
tive or transmissive, and with different periodicity and 
located at the same side of the active section is exploit- 
ed. This approach results in wide tunability of said laser. 
Even when said reflectors are by construction long in- 
active sections, this is not harmful for the lasing output 
power, as these are only located at a single side of the 
active section. The invention results in a low loss win- 
dow at any time. 

[0049] Thus the invention can be further character- 
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i2ed by stating that ttie spacing of at least two transmis- 
sion or reflective maxima points of the respective (inac- 
tive or even active) sections being essentially not equal 
or different, and at least one said transmission or reflec- 
tive maxima of each of said (inactive or even active) sec- 5 
tions being in correspondence with a wavelength of said 
created lightbeam. This correspondence is obtained by 
having at least one of said resonation peaks of at least 
two sections being overlapping or coinciding. 
10050] The combination of said plurality of sections io 
can be considered as a combined reflector, having a 
combination reflection action. Said optical amplification 
action of said active section and said combination re- 
flection action of said combined reflector are causing 
lasing at least one of the reflection wavelengths of said « 
combined reflector. 

[0051] Figure 6 shows an example of a possible con- 
figuration although the invention is not limited hereto. 
The active section (30) is optically at one side connected 
with a plurality of sections (120), said plurality of sec- 
tions comprising a transmission filter (50) and three re- 
flectors (90) (100) (110). The lasing light (10) leaves the 
laser at the other side of the active section. (20) indi- 
cates the amplification action within said active section 
(1 0). Said connections (40), (60), (70) and (80) indicate & 
the optical interconnectrvity and should not be consid- 
ered as physical connections. 

[0052] The transmission filters exploited in the inven- 
tion have a transmission characteristic (150) with a plu- 
rality of transmission peaks. Alternatively it can be said & 
that said transmission fitters have spaced (spacing 
(130)) transmission maxima points providing a maxi- 
mum transmission of an associated wavele ngth. The re- 
flectors exploited in the invention have reflection char- 
acteristic (1 60) with a plurality of reflection peaks. Alter- 35 
natively it can be said that said reflectors have spaced 
(spacing period (140)) reflective maxima points provid- 
ing a maximum reflection of an associated wavelength. 
The spacing (130) (140) of said transmission or reflec- 
tive maxima points of at least two of said sections are 
selected to be different. Said laser is therefore denoted 
an integrated semiconductor laser with different reflec- 
tion or transmission sections. The transmission and re- 
flection characteristic of said transmission filters and re- 
flectors are positioned such that only one said transmis- «« 
sion or reflective maxima of each of said sections being 
overlapping, meaning having a transmission or reflec- 
tive maxima for the same frequency. Due to the different 
spacings of said transmission or reflective maxima 
points a small shift of one of said transmission or reflec- so 
trve maxima points results in an optical laser having a 
wide tunability. Said laser is therefore denoted widely 
wavelength tunable integrated semiconductor laser. 
Said shift can be due to current injections in said trans- 
mission or reflective sections. It can be said that said 55 
laser comprises of means for injecting current into part 
of said plurality of sections, resulting in said transmis- 
sion or reflection characteristic being shifted in wave- 



length. 

[0053] The configuration of Figure 6 can for instance 
be achieved by using a power splitter (200) for connect- 
ing section (50) with sections (90) (1 00) (110). Said pow- 
er splitter has a single port side (side connected to (50)) 
and a multi port side (side connected to (90)(100)(110), 
with three ports. 

[0054] A schematic view of a prior art GCSR laser 
structure is shown in Figure 2, showing an active section 
(600) , a coupler section (610), a phase section (620). 
and a reflector (630), and the cross sections of said sec- 
tions. Said coupler section and said reflector section 
have an essentially different resonance characteristic. 
Said coupler section does not have spaced resonation 
maxima points. 

[0055] In a first embodiment a Y-structure as in Figure 
3 is proposed with two reflectors (71 0), (720), placed on 
the same side of the active region (700). TTiese two re- 
flectors use sampled or super structure gratings to pro- 
vide reflection combs with different periods; their design 
is the same as for (S)SG-DBR lasers. The power splitter 
(730) is used to split/combine the light leavingfentering 
the active region. Two phase control sections (740), 
(750) are shown in Figure 3. One provides the correct 
phase relation between the signals reflected by the two 
reflectors, whereas the second provides control of the 
overall phase of the combined reflected signal. Accord- 
ing to an alternative embodiment, a separate phase con- 
trol section could be placed in each of the arms of the 
Y. The branches of the Y-strucrure could be all-active, 
thus avoiding a (technologically more complex) transi- 
tion from an active waveguide to a passive one. How- 
ever, this has the disadvantage that the device will be 
more difficult to control, because power and wavelength 
control will be mixed. Therefore, passive waveguides for 
both branches of the Y-structure are preferred. 
[0056] In a second embodiment a second structure, 
which in a top view looks like in Figure 8. is proposed. 
In this structure a plurality of reflectors (440) (including 
reflectors (410, 420, 430) are placed on the same side 
of the active region. At least two of said reflectors use 
sampled or super structure gratings to provide reflec- 
tions combs. At least two of said reflectors have reflec- 
tion combs with different periods. "Hie design of said re- 
flectors is the same as for (S)SG-DBR lasers. The power 
splitter (450) is used to split and combine the light leav- 
ingfentering the active region. Phase control sections 
can be introduced. In one configuration one phase con- 
trol section is placed between the active region and the 
reflectors and in all reflectors, except one, also a phase 
control section is provided. In another configuration only 
phase control sections are provided in said reflectors. 
[0057] In a third embodiment a third structure, as 
shown in Figure 4. is proposed. The reflector consists 
of an active section (830), a ring resonator (800), which 
has a comb-shaped transmission characteristic (Figure 
5) and a (S)SG-ref lector (810) with potentially even an 
anti-reflective coating (820). The operation of a ring res- 
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onator is similar to that of a classic Fabry-Perot resona- 
tor, which can easily be understood if one thinks of the 
cross-coupling of the two couplers in the ring as being 
the transmission mirrors in the FP-resonator. The tuning 
is again based on the •Vemier'-principle. as in conven- 5 
tional (S)SG-DBR lasers: the ring resonator and the (S) 
SG-reflector are designed to have slightly different 
peak-spacing in their transmission and reflection char- 
acteristics respectively, and lasing occurs at or near the 
wavelength where two peaks overlap each other. A io 
phase section, used to align a longitudinal cavity mode 
with the two aligned peaks, could also be included in 
this structure. It could be placed either between the ac- 
tive section and the ring resonator, or between the ring 
and the (S)SG-reflector. 15 
[0058] In a fourth embodiment a fourth structure, as 
shown in Figure 9. is proposed. This structure compris- 
es an active region (900) bounded at one side by a serial 
concatenation of sections, being a plurality of transmis- 
sion filters (940), including niters (910)(920). said con- 20 
catenation ends with a reflector (930). At least two of 
said sections, being either transmission filter or reflec- 
tor, have a comb-shaped transmission characteristic. At 
least two of said sections, being either transmission filter 
or reflector, are designed to have a slightly different 25 
peak-spacing in their characteristic. A phase section 
can be placed between any of said sections and be- 
tween said active section and said sections. Said trans- 
mission filters can be either (S)SG-transmission filters 
or a ring-resonator. Said reflector is a (S)SG- reflector. 30 
[0059] A main feature of the proposed Y and ring- 
structures and any structure, exploiting a combination 
of the principles on which the proposed Y and ring struc- 
tures are based, is that light is emitted directly from the 
active region without going through a passive region. 35 
This is expected to result in a higher efficiency and a 
lower degree of power variation during tuning. Typical 
reflectors can be designed to have a uniform envelope 
of the reflection peaks. These designs require long pas- 
sive waveguides and the reflectivity at the reflection *o 
peaks is quite high. Both of these factors lead to a re- 
duced efficiency in a two-sided reflector structure. In all 
proposed structures the output power is not passing 
through a reflector, hence a high efficiency can be ex- 
pected, and the high reflectivity is now an advantage. *s 
Therefore in the invention all said sections are optically 
connected to one side of said active region. 
[0060] Since the reflectors are preferably passive, the 
Y structure (of the first embodiment) and the structure 
of the second embodiment, does not suffer from the con- so 
trol problems present in the Y-laser, known from prior- 
art. 

[0061] The performance with respect to tuning and 
output power is expected to be similar to that of a GCSR 
laser, but the fabrication is easier. The number of proc- 55 
ess steps will be the same as for an SG/SSG. but lower 
than for a GCSR laser. Except for mask design the fab- 
rication is nearly identical to that for SG/SSG DBR la- 



sers, but AR coating of the facets may not be necessary 
when the grating is designed for high peak reflectivity. 
As an alternative one could use an absorbing region to 
kill off any unwanted reflection from the facet. 
[0062] There may be some radiation losses associat- 
ed with the power splitter in th Y-teser, but these are 
unlikely to be higher than the radiation losses in the tun- 
able coupler section of the GCSR. 



Claims 

1. An apparatus comprising a substrate made of a 
semiconducting material, a plurality of sections on 
said substrate (120), all said sections being con- 
nected together, at least two of said sections being 
resonators, each including a waveguide system 
and having spaced resonation maxima points pro- 
viding a maximum resonance with an associated 
wavelength, wherein the spacing of at least two of 
said resonation maxima points of the respective 
sections being essentially not equal, and at least 
one of said resonation maxima of each of two said 
sections being resonators overlapping each other. 

2. The apparatus as recited in claim 1 , wherein only 
one of said resonation maxima of each of said sec- 
tions being resonators overlapping each other. 

3. The apparatus as recited in claim 1 or 2, wherein 
said resonator is either a transmission filter (50), 
having spaced transmission maxima points (130) 
providing a maximum transmission with an associ- 
ated wavelength as resonation maxima points or a 
reflector (90), (100), (110), having spaced reflective 
maxima points (140) providing a maximum reflec- 
tion with an associated wavelength as resonation 
maxima points. 

4. The apparatus according to anyone of the preced- 
ing claims further comprising a two-sided active ra- 
diation-generating section (30) on said substrate, 
said plurality of sections being connected to one 
side of said two-sided active section. 

5. The apparatus according to anyone of the preced- 
ing claims, wherein at least one of said plurality of 
sections is inactive. 

6. The apparatus according to anyone of the preced- 
ing claims, wherein at least one of said plurality of 
sections is active. 

7. The apparatus according to anyone of the preced- 
ing claims, wherein at least one of said waveguide 
systems has a periodically broken short-period 
structure including short period stripped regions al- 
ternating with non-stripped regions. 
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8. The apparatus according to anyone of the preced- 
ing claims 1 to 7, wherein at least one of said 
waveguide systems has a diff ractrve grating having 
a plurality of repeating unit regions each having a 
constant length, thus forming a modulation period, 5 
and at least one parameter that determines the op- 
tical reflectivity or transmission of said diffractive 
grating varying depending on its position in each of 
said repeating unit regions along a direction of op- 
tical transmission in said laser, said diffractive grat- io 
ing extending by at least two modulation periods. 

9. The apparatus according to anyone of the preced- 
ing claims 1 to 7, wherein at least one of said 
waveguide systems is a ring resonator (800). '5 

10. The apparatus according to anyone of the preced- 
ing claims 6 to 9, wherein said active section is cre- 
ating a light beam by spontaneous emission over a 
bandwidth around one center frequency and guid- & 
ing said light beam and having optical amplification 
actions. 

11. The apparatus as recited in claim 10, wherein the 
combination of said plurality of sections has a com- 
bined reflection action and said optical amplif ication 
action of said active section causing lasing at at 
least one of the reflection wavelengths of said com- 
bination. 

30 

12. The apparatus according to anyone of the preced- 
ing claims 6 to 11. further comprising a plurality of 
power splitters (200), being used for connecting 
some of said plurality of sections and connecting to 
said active section. 35 

13. The apparatus as recited in claim 6 to 12, wherein 
said apparatus is a serial concatenation of said ac- 
tive section (900) and a plurality of said sections 
(910). (920). (930). 40 

1 4. The apparatus as recited in claim 12. wherein a con- 
nection of said active section (400) is performed to 
one single port side of a power splitter (450) with a 
parallel connection of a plurality of sections (410), 45 
(420). (430) to the other multi port side of said power 
splitter. 

15. The apparatus according to anyone of the preced- 
ing claims, further comprising a plurality of phase 
sections, being used for adjusting the round trip 
cavity phase. 

16. The apparatus according to anyone of the preced- 
ing claims, further comprising means for injecting & 
current into at least some of said sections being a 
resonator in order to have said transmission or re- 
flection characteristic being shifted in wavelength. 



17. A method for setting lasing frequencies of an appa- 
ratus, comprising a substrate made of semicon- 
ducting material, a plurality of connected sections 
on said substrate, with at least two of said sections, 
being resonators having spaced resonation maxi- 
ma points providing a maximum resonance with an 
associated wavelength, wherein the spacing of at 
least two of said resonation maxima points of the 
respective sections being essentially not equal, 
said method comprising the step of) positioning 
said resonation maxima points of said resonators 
such that a plurality of said resonation maxima of 
each of said sections being resonators overlapping 
each other, said plurality defining said lasing fre- 
quencies. 

18. A method for changing the lasing frequency of an 
apparatus as recited in claim 1 from a first frequency 
to a second frequency, said second frequency being 
spaced from said first frequency by a first distance, 
said apparatus comprising a substrate made of 
semiconducting material, a plurality of connected 
sections on said substrate, with at least two of said 
sections, being resonators, having spaced resona- 
tion maxima points providing a maximum reso- 
nance with an associated wavelength, wherein the 
spacing of at least two of said resonation maxima 
points of the respective sections being essentially 
not equal, said method comprising the step of 
changing the relative position of said resonation 
maxima points of said resonators with a second dis- 
tance, being substantially smaller than said first dis- 
tance. 

19. The use of the apparatus as recited in claim 4 as an 
integratecUsemiconductor tunable optical laser. 



25 



30 



35 



40 



8 



EP 1 094 574 A1 



(500) (530) (540) (5.10) 

J 



30) (540) (5] 

f—rPr^ 



ry- r 



(520) \ 



Maa__ 



(520) 



FIG. 1 





FIG. 3 



9 



EP 1 094 574 A1 




FIG. 4 



1.0 



03 



c 
o 



S 



a. 



0.4 



0.2 



0.0 
13« 



Ji A A 



1349 1.550 1351 

Wavelength (|im) 



1352 



FIG. 5 



10 



EP 1 094 574 A1 




11 



EP 1 094 574 A1 




12 



EP 1 094 574 A1 



o 

I 


o 

CM 

\ 


O 

I 
















o 

1 


















o 



13 



EP 1 094 574 A1 



o 

n 



M 
Cm 



\ 



O 

5\ 




V 



14 



EP 1 094 574 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Appttcauon Numfcv 

EP 99 87 0214 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



CHabon of document with indication, where appropriate. 

ol relevant passages 



Retev&nl 
to claim 



CLASSnCATIO* OF THE 
APPUCATlOH 0nlCL7) 



WOLF T ET AL: "LASER DIODES AND 
INTEGRATED 0PTOEPELECTR0N1C CIRCUITS FOR 
FIBER OPTICAL APPLICATIONS" 
EUROPEAN TRANSACTIONS ON 
TELECOMMUNICATIONS AND RELATED 
TECHNOLOGIES, IT ,AEI , MILANO, 
vol. 4, no. 6, 

1 November 1993 (1993-11-01), pages 
599-614, XP000433717 
ISSN: 1120-3862 

page 607, paragraph 3.2; figure 10 * 

PATENT ABSTRACTS OF JAPAN 
vol. 013, no. 026 (E-706), 
20 January 1989 (1989-01-20) 
& OP 63 229796 A (FUJITSU LTD), 
26 September 1988 (1988-09-26) 
abstract * 

EP 0 926 787 A (NORTHERN TELECOM LTD) 
30 June 1999 (1999-06-30) 
column 3, line 53 - column 4, line 8 * 



1-6, 
10-12, 
14,16-19 



H01S5/026 

H01S5/12 

H01S5/0625 



,5-8 
,5-8 



,8,13, 



* column 9, line 1-11 * 

* column 10, line 10-42; figures 4- 



7 * 



US 5 651 018 A (LANG ROBERT J ET AL) 
22 July 1997 (1997-07-22) 

* figures 24,25 * 

TALNEAU A ET AL: "CONSTANT OUTPUT POWER 
AND LOW LINEW1DTH INA SIHPLE WIDE-TUNING 
DFB LASER WITH MULT 1 WAVE LENGTH GRATING" 
IEEE JOURNAL OF SELECTED TOPICS IN QUANTUM 
ELECTR0NICS,US,IEEE SERVICE CENTER, 
vol. 3, no. 2, 1 April 1997 (1997-04-01), 
pages 628-631, XP000735963 
ISSN: 1077-260X 

* figures 1,2 * 

~ -/- 



17 



1-19 



1,7,13, 
17 



The present search report has boon drawn up for afl claims 



TECHNICAL FIELDS 
SEARCHED OnCCtT) 



HOIS 



PlKtOlSMMA 



THE HAGUE 



Dmm o» avnptefion of ttw l«a<d 

23 March 2000 



Claessen, L 



category & cited documents 

X : partioJariy ratavant if tatawi akin© 

Y : oartiaaarty ratavant 9 combreo wth ancxrwr 

document ol the same category 
A * tachnotoojoal background 
O : non-writtan aactoaura 
P : irtermwftaia documanl 



T ; theory Of prinap** undertjing tha invention 
E : aataf paa»m oocunart. but pubaahad on. or 

aftat tha r*ng data 
0 : doeumor* dtsd in the application 
L : dccurmnl diad rof otnar raasons 



A : manOar of in* aara paiam tem»y. UJi wa poi««ng 



15 



EP 1 094 574 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



AppHudon Number 

EP 99 87 0214 



Category 



DOCUMENTS CONSIDERED TO BE RELEVANT 



D,A 



US 5 325 392 A (TAMAHURA TOSHIAKI 
28 June 1994 (1994-06-28) 
* the whole document * 



KUYNETSOV M: "DESIGN OF WIDELY TUNABLE 
SEMICONDUCTOR THREE-BRANCH LASERS- 
JOURNAL OF LIGHTWAVE TECHNOLOGY, US, IEEE . 
NEW YORK, 
vol. 12, no. 12, 

1 December 1994 (1994-12-01), pages 
2100-2106, XP000493715 
ISSN: 0733-8724 
the whole document * 



Citation of document with indication, where appropriate, 
of relevant passages 



ET AL) 



US 5 398 256 A (H0HIMER JOHN P 
14 March 1995 (1995-03-14) 
the whole document * 



ET AL) 



The present search report has been drawn up tor all claims 



Relevant 
to ctairn 



19 



-19 



,9 



CLASSIFICATION OF THE 
APPLICATION flnLCL7) 



TECHNICAL RELD6 
SEARCHED flnLCtT) 



P1»C*C*»*M* 

THE HAGUE 



23 March 2000 



Claessen, L 



CATEGORY OF CITED DOCUMENTS 

X : pafticulArty relevant B later atone 

V : partial arly r»tov«nl if comt>rwd wth Another 

<toct*T»ni of ih* sams c^egory 
A : i«chno*ojycal b*ctoyound 
O : norv-wrttten dnctoatr* 
p : rtwmadtat* oocumem 



T : theory o* princpte und*ly*ig tr» immrtien 
E : ©enter paien doafnent. t*J p*l>ish*d on, or 

aftm me fVrig da* 
D : doairnvri oiled in the applicatton 
L : (toamnt cfiaa for oow rwaom 



4 : nwrOw d th» patorc femiy, corresponding 



16 



EP 1 094 574 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 99 87 0214 



TNs arrtex lists the patent ferrety members relating to the patent documents cited in the above-mentioned European search report 
The members are as contained in the European Patent Office EDP We on 

The European Pa tern Oft ice is in no way lable tor these particulars which are merely given tar the purpose c4 irtformation. 

23-03-2000 



Patent document 




Publication 


Patent famty 


Publication 


cited in search report 




date 




members) 


date 


JP 63229796 


A 


26-09-1988 


NONE 






EP 0926787 


A 


30-06-1999 


- 

JP 


11251691 A 


17-09-1999 


US 5651018 


A 


22-07-1997 


US 


5537432 A 


16-07-1996 








UJ 




21-02-1995 








us 


5914978 A 


22-06-1999 








us 


5592503 A 


07-01-1997 








us 


5499261 A 


12-03-1996 








us 


5602864 A 


11-02-1997 








us 


5864574 A 


26-01-1999 








us 


5696779 A 


09-12-1997 








us 


5703897 A 


30-12-1997 








us 


5894492 A 


13-04-1999 


US 5325392 


A 


28-06-1994 


JP 


2690840 B 


17-12-1997 








JP 


6061572 A 


04-03-1994 








JP 


2770897 B 


02-07-1998 








JP 


6061577 A 


04-03-1994 








JP 


2770900 B 


02-07-1998 








JP 


6069586 A 


11-03-1994 








JP 


2832920 B 


09-12-1998 








JP 


6053616 A 


25-02-1994 








DE 


69325118 D 


08-07-1999 








EP 


0559192 A 


08-09-1993 








EP 


0847116 A 


10-06-1994 


US 5398256 


A 


14-03-1995 


NONE 








ui For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



17 



